INTRODUCTION
============

Comorbidity is a "distinct additional clinical entity" noted during the clinical course of a patient having an index disease.^[@B1]^ When burns occur in patients with an index disease, the clinical recovery and outcome take a different course than in normal individuals. Research and published reports on burns in diabetic patients are limited. Diabetes being the most common comorbidity in most parts of the world and particularly in India, we explore variations in epidemiology, outcome, and types of infections in diabetic burns patients.

MATERIALS AND METHODS
=====================

This is a retrospective study of all burns patients admitted over a period of 3 years to the multidisciplinary critical care unit at Apollo speciality clinics, Vanagaram, a tertiary care facility in Chennai.

Study subjects were comprised of two groups---diabetic burns patients and nondiabetic burns patients. Demographic details such as age, sex, and length of hospital stay were collected from clinical records. Relevant clinical findings such as percentage of burns calculated using Lund and Browder formula, type of burns, type of surgery and dressing, use of immune nutrition, mortality rate, and infection rate were collected. Immune nutrition given was infusion of L-alanyl-L-glutamine while in the critical care unit.

A profile of the microorganisms isolated from these patients was also collected and documented. This parallel data was compared and analyzed in order to understand the difference between diabetic and nondiabetic burns patients.

RESULTS
=======

Epidemiology
------------

Among a total of 94 burns patients, 18 patients (19%) were diabetics and 76 patients (81%) were nondiabetics. Mean age of diabetic burns patients was 58.2 years (SD-17.1), and mean age of nondiabetic burns patients was 36.3 years (SD-16.4). Among the diabetes patients, 50% (*n* = 9) were males and the other 50% (*n* = 9) were females. Nondiabetic males were 68.4% (*n* = 52), and nondiabetic females were 31.6% (*n* = 24) ([Fig. 1](#F1){ref-type="fig"}).
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Hypertension was the second most common presenting comorbidity seen in 14 patients (14%).

Mean percentage of total body surface area (TBSA) involved in burns was 43.5% in diabetics and 49.75% in nondiabetics. Majority of burns in diabetes patients were second and third degrees.

Fourth-degree burns were seen in only a minority of diabetes patients ([Fig. 2](#F2){ref-type="fig"}).

An infection rate of 67% (*n* = 12) and mortality rate of 44% (*n* = 8) were seen among diabetic burns patients in comparison with nondiabetic burns patients who had infection rate of 61.8% (*n* = 47), *p* value: 0.803 and mortality rate of 35.5% (*n* = 27), *p* value: 0.482, respectively, as shown in [Figure 3](#F3){ref-type="fig"}.

Comparison between types of infection among diabetics and nondiabetics showed more infection rates in all samples. Bacteremia was seen in 55.6% diabetics (*n* = 10), urinary tract infection in 38.9% (*n* = 7), respiratory tract infection in 16.7% (*n* = 3), and skin/soft tissue infection in 38.9% diabetics (*n* = 7) ([Fig. 4](#F4){ref-type="fig"}).

Treatment
---------

It was noted that early surgical interventions in the form of primary split-skin grafting was more common in diabetics (50%) compared with nondiabetics (48.7%). Interestingly, the use of immune nutrition was noted to be significantly more in the diabetic burns patients (50% vs 39.5%, *p* value: 0.440), although it is unclear what prompted clinicians to initiate or withhold immune nutrition in these patients ([Fig. 5](#F5){ref-type="fig"}).

Profile of Microorganisms
-------------------------

A total of 46 microorganisms were isolated from various samples such as blood, wound, tissue, urine, and tracheal aspirate of diabetic burns patients. There was a predominance of gram-negative organisms in both diabetic (80% *n* = 37) and nondiabetic patients (73.4%, *n* = 127). Gram-positives and yeast-like fungi were isolated more among nondiabetes (19% and 7.5%) than diabetes patients (17% and 2%) ([Fig. 6](#F6){ref-type="fig"}).

Outcome of Patients
-------------------

Better patient outcome was noticed among nondiabetic burns patients. Recovery rate of 47.4% was seen in nondiabetics, but only 17% of diabetics recovered. Average length of stay of diabetes patients was 12.6 days, and in nondiabetics, it was 16.2 days. Mortality rate among diabetic burns patients was 44.4%, among which 75% sustained third-degree burns, 12.5% sustained second-degree and fourth-degree burns, respectively.

![Distribution of diabetic and nondiabetic burns patients based on treatment given](ijccm-24-11-g005){#F5}

![Distribution of types of microorganisms isolated from diabetes and nondiabetes burns patients](ijccm-24-11-g006){#F6}

![Distribution of organisms isolated from diabetic burns patients (*n* = 46)](ijccm-24-11-g007){#F7}

![Outcomes among diabetic and nondiabetic burns patients](ijccm-24-11-g008){#F8}

DISCUSSION
==========

Among various conditions complicating burn injuries, diabetes is a major comorbidity resulting in adverse outcomes. This study was designed to document the differences in demography, clinical presentation, outcome, types of infections, and microorganism profiles among diabetic and nondiabetic burns patients ([Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}).

According to a recent report in 2014, India is estimated to harbor over 62 million diabetic individuals in the world.^[@B2]^ India is therefore known as the "diabetes capital of the world."^[@B3]^ An Indian Council of Medical Research study has estimated that majority of affected population in India are from Maharashtra (9.2 million) and Tamil Nadu (4.8 million).^[@B4]^ This figure might be skewed as under-reporting is possible due to unavailability of diabetic screening tools in majority of rural areas. Due to high burden of diabetes in our state and country, we selectively analyzed this group of burns patients with diabetes ([Fig. 7](#F7){ref-type="fig"}).

Based on our literature search, studies on diabetic burns patients across the globe have emerged from developed countries like USA and UK. To our knowledge, there are no studies from India on burns in diabetes patients, where the burden of diabetes is much higher than developed nations.

In our study, there was an equal distribution of diabetic males (50%) and females (50%) admitted with burns. A study by Shalom et al. from USA has reported higher incidence of burns among diabetic males (61.6%).^[@B5]^ Mean age of diabetic burns patients was higher compared with nondiabetic burns patients from five different studies including ours.^[@B5]--[@B8]^ Foot burns probably due to peripheral neuropathy among this group of patients have been attributed to religious practices and use of foot-warming devices.^[@B9]^ We have not calculated the rate of foot burns among our patients, but it would be interesting to do the same ([Fig. 8](#F8){ref-type="fig"}).

The mean TBSA involved among our patients was much higher than that reported from other studies. This explains the reason for slightly higher mortality and infection rates in our patients compared with other studies. Diabetic burns patients required surgeries more than nondiabetics, being consistent with other studies from Iran and USA.^[@B5],[@B7],[@B8]^

###### 

Comparison of demography, outcome, complications, and infections among diabetic burns patients

  *Parameters/features*                                     *Present study*             *Maghsoudi et al.^[@B7]^*   *McCampbell et al.^[@B8]^*   *Memmel et al.^[@B12]^*   *Kimball et al.^[@B6]^*   *Shalom et al.^[@B5]^*                                                                                
  --------------------------------------------------------- --------------------------- --------------------------- ---------------------------- ------------------------- ------------------------- ------------------------ -------------- -------- ----------- ----------- -------------- ------------- -----
  Mean age                                                  58.2                        36.3                        53.4                         36                        64.9                      50.5                                             54.6        43.7        60.6 ± 1.83    32.7 ± 1.8    
  Gender                                                    Males                       50%                         68.40%                       40.40%                                                                                                                                      61.60%        64%
                                                            Females                     50%                         31.60%                       59.60%                                                                                                                                      38.30%        36%
  Mean TBSA                                                 43.5                        49.75                       17.3 ± 8.1                   29.4 ± 25                 6.9 ± 10.2                8.1 ± 12.5               11 ± 19        6 ± 11                           11.87 ± 2.19   8.69 ± 0.78   
  Degree of burns                                           First                       0                           2.60%                                                                                                                                                                                  
                                                            Second                      55.60%                      18.40%                                                                           4.2% ± 8.3                                                   14%         24%                          
                                                            Third                       38.90%                      56.60%                                                                           2.3% ± 5.4%              2.8% ± 10.6%                        86%         76%                          
                                                            Fourth                      5.60%                       22.40%                                                                                                                                                                                 
  Average length of stay                                    12.6                        16.2                        13.04                        13.8                      23.2                      12.2                     11 ± 12        8 ± 9    14.1 ± 10   9.8 ± 9.3   17.15 ± 2      8.89 ± 0.99   
  Mortality rate                                            44%                         35.50%                      8.50%                        24.60%                    2.10%                     2.20%                    3%             1.60%                            13.70%         2.60%         
  Infection rate                                            67%                         61.80%                      14.90%                       8.10%                     44.70%                    30.40%                                                                                                
  Surgery-SSG/escharotomy/tangential excision/debridement   50%                         48.70%                      60.42%                                                 56.70%                    32.30%                                                                   72.60%         32%           
  Collagen dressing                                         27.70%                      42.10%                                                                                                                                                                                                             
  Immunonutrition                                           50%                         52.60%                                                                                                                                                                                                             
  Complications                                             Septic shock                55.60%                      52.60%                                                                                                                                                                                 
                                                            Myocardial dysfunction      16.70%                      22.40%                                                                                                                   25%      3%                                                   
                                                            Systemic hypertension       55.60%                      5.30%                                                                                                                    55%      8%                                                   
  Infections                                                Skin infection/cellulitis   38.90%                      27.60%                                                                           35.10%                                  27%      11%                                                  
                                                            Pneumonia                   11.10%                      7.90%                                                                            10%                                     9.20%    6.30%                                                
                                                            CLABSI                      0                           2.60%                                                                            1%                                                                                                    
                                                            CAUTI                       0                           1.30%                                                                            9.30%                                                                                                 

###### 

Comparison of organisms causing infections among diabetic burns patients

                              *Present study*                             *Maghsoudi et al.^[@B7]^*   *Schwartz et al.^[@B16]^*   *Memmel et al.^[@B12]^*                                                                        
  --------------------------- ------------------------------------------- --------------------------- --------------------------- ------------------------- ----------------------- ------------------- ------------------------ ------
  Organisms                   *Klebsiella* species                        *Pseudomonas* species       MSSA                        MSSA                      MSSA                    MSSA                MSSA                     MSSA
  *Pseudomonas* species       *Klebsiella* species                        *Klebsiella* species        MRSA                        Streptococci              *Pseudomonas* species   Streptococci        *Pseudomonas* species    
  *Acinetobacter baumannii*   *Acinetobacter baumannii*                   Streptococci                *Pseudomonas* species       *Proteus* species                                 *Proteus* species   Streptococci             
  *Escherichia coli*          *Enterococcus*                              *Pseudomonas* species                                   *Pseudomonas* species                             MRSA                *Enterobacter* species   
  *Enterococcus* species      *Escherichia coli*/*Enterobacter* species   CoNS                                                                                                                                                   

Average length of stay was lesser among our diabetic patients probably due to lesser percentage of them having third- and fourth-degree burns compared with the nondiabetic group of patients. Most diabetic patients therefore have lesser degree of burns (second-degree burns in 55.6%, third degree in 38.9%, and fourth degree in 5.6% patients).

Immunonutrition has been used as an adjunct therapy in burns due to its effect on mortality reduction.^[@B10]^ The use of immunonutrition among our diabetic and nondiabetic patients was almost similar. Since ours is a retrospective study, it is unclear to us what prompted our clinicians to initiate immunonutrition in some patients and not in others. Therefore, we are unable to comment on differences in efficacy of immunonutrition among diabetic and nondiabetic burns patients.

The use of collagen dressings has become a part of institutional protocol in burns patients, and we did find that the usage was higher among nondiabetic burns patients compared with diabetic burns patients. The authors from India have shown supportive evidence to the use of collagen dressings in burns but evidence for its use in diabetics is lacking.^[@B11]^ A larger sample size is required to substantiate whether collagen dressings would benefit diabetics more than nondiabetics. With the existing studies, it is not possible to comment on the same.

The most common comorbidity coexisting with diabetes mellitus among burns patients is systemic hypertension. This finding of ours was consistent with another study by Memmel et al. from USA.^[@B12]^ Mortality rate among burns patients is directly proportional to the number of comorbidities existing in them. This has been established by Charlson et al. in 1987 using an index called Charlson Comorbidity Index to predict the 10-year mortality of patients with a range of medical conditions.^[@B13]^ We were unable to calculate this score for our patients as certain parameters were undefined such as diabetes with and without chronic complications. Detailed history and defined parameters are therefore required to calculate this score among diabetic burns patients in future.

Infections among diabetic burns patients are much diverse and more severe than that occurring in nondiabetics. The factors contributing to the same are poor glycemic control, pathological microvascular, and macrovascular changes, etc.^[@B14]^ We observed skin and soft tissue infections including cellulitis to be the commonest infections in our patients followed by pneumonia. Similar findings have been documented by two other authors from USA.^[@B8],[@B12],[@B15]^

Among organisms causing infections in diabetic burns patients, gram-negative organisms predominate over gram-positive organisms and fungi. Three studies from Iran and USA have reported controversial results with gram-positive organisms predominating their diabetic burns population. However, there was no major difference in organisms isolated from diabetics and nondiabetics in these studies.^[@B7],[@B12],[@B16]^ Based on our study findings, it may be postulated that choice of empiric cover for gram negatives should be kept in mind while treating burns patients in our geographic location.

Fungal infections in burns patients are commonly caused by Candida and Zygomycetes.^[@B17]^ Fungal infections were not a common concern among our diabetic patients with only 2% infection with *Candida* species. We did not encounter mold infections such as aspergillosis and zygomycosis among our patients. Other authors across the globe have also not reported higher incidence of fungal infections among diabetic burns patients. In our study, the duration of stay of patient with Candiduria was found to be higher than other patients and this can be postulated as the possible risk factor. Other contributing factors to the same are burn size of 55% TBSA, acute kidney injury, and septic shock. Multiple positive cultures from various samples leading to long-term exposure to antibiotics is another major risk factor in these patients with Candida infection. These findings are consistent with the findings reported in a review by Ballard et al. on positive fungal cultures among burns patients.^[@B18]^

With major differences observed in the presentation and progress of course of illness among diabetic burns patients when compared to nondiabetics, we realize the need to perform larger studies on detailed analysis of various other factors and mortality rate prediction among diabetic burns patients. Diabetes is burdensome in our country; diabetics suffering from burn injuries should be handled with much caution, keeping in mind the possibilities of varied factors predisposing to a higher mortality rate.

CONCLUSION
==========

Our study reflects the commonalities and differences in burns patients with or without diabetes. The infection and mortality rate appears to be increased in diabetics with burns. Of note, majority of our infections were gram negative in origin in comparison with Western studies where gram-positive organisms were more common. Larger multicenter cohorts and prospective analysis may help to better understand the impact of comorbidities in patients with burns.
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